Most of the Iberian Peninsula has a Mediterranean climate, which strongly determines the objectives, strategies and techniques of forest restoration. This communication addresses a main forest restoration challenge for Mediterranean-climate woodlands in Spain: the transformation of old monospecific pine plantations to more diverse, resistant and resilient forest systems. I also present how afforestation methods and some ideas on plant quality have evolved in the last 80 years. Productivity of Mediterranean forests is low, which discourages private owners to invest in woodland management. Therefore, woodland management strongly relies on public funds. Largescale afforestation in the 20 th century has created huge areas of monospecific pine plantations, which have been under thinned and are very simple structurally with almost no understory. The stands are very prone to fires, diseases and drought dieback. However, old pine plantations can facilitate the establishment of late successional trees and shrubs when properly thinned. Therefore, pine plantations are an opportunity for restoring several types of oak-dominated forests at a large scale and resources should invested to preserve and gradually transform these plantations into mixed forests. Funds should be invested in thinning progressively rather than to plant new areas. In many plantations close to oak forests remnants, thinning is the only management required. However, many pine plantations are far from seed sources and enrichment plantations together with thinning are needed. Extensive enrichment plantations are expensive. Therefore, an option is to develop a network of small islets strategically placed inside pine plantations and properly managed as seed foci to foster pine plantation colonization. This option is cheaper than conventional extensive low-density enrichment plantations but research is needed to assess its effectiveness for pine plantation transformation. 
Introduction
Two thousand years ago the Greek geographer Strabo described the geography and landscape of the Roman Empire (García and Bellido 1945) . According to Strabo, the Iberian Peninsula was covered by huge forests. A consequence of the interpretation of Strabo´s book was an ancient widespread myth that a squirrel could move from the Pyrenees range in Northern Spain to Gibraltar in the south without descending to the ground. Although this myth has no botanical or ecological basis (Blanco et al. 1998) it suggests the present landscape, in many areas of Spain, is far from removed forested landscapes that likely existed in Roman times. After many centuries of intensive land use, huge sheep livestock raising, forest clearing, wars and ship construction large areas in Iberia became deforested. The paroxysms of this process was achieved in the 19 th century where the government expropriated forests of the Catholic Church and sold many public forests to private owners. Around 6-7 million ha were cut (Serrada-Hierro 2000; MAPA 2006) . Moreover, population growth expanded cropland at the expense of woodland even on very low productive areas such as steep slopes. Consequently, erosion became a large-scale problem by the end of the 19 th century and some estimate that around 17 million ha suffered significant erosion. Landscape in many semiarid regions resembled "badlands" (Fig. 1 ) and catastrophic floods and landslides were quite common (Machado et al. 2011) . All these problems together with the lack of firewood and timber forced the government to implement a huge afforestation program for the next 100 years. The initial objective was the afforestation of 6 million of ha.
This communication addresses the main forest restoration challenge of the Spanish society. This challenge is related to the legacy of the large-scale afforestation programs performed after the Spanish Civil War (SCW). Therefore, I will start describing the characteristics of the afforestation programs emphasizing how methods and some ideas on plant quality have evolved. Around 80% of the Iberian Peninsula has a Mediterranean climate and only 33% of Spanish forestland is in the hands of public entities. This imposes specific constraints to the management and dynamics of forest systems. I will focus this communication on Mediterranean forest ecosystems.
Afforestation history in the 20 th century and change in plant quality conception
Before the SCW, afforestation efforts were mostly focused on reducing erosion, mainly in the south and east of Spain (Fig. 1) . Less than 72,000 ha were afforested from 1880 to 1936 (Serrada-Hierro 2000) , which is small when compared to the afforested area in the following decades. After the SCW in 1939, the government implemented a large-scale afforestation program that ended in the mid-1980s. We can distinguish two periods (Fig. 2) that differed in the aims, initial stocking and in the technique used (MAPA 2006) . The first period goes from mid-1940s to early 1960s. The country was devastated and very impoverished after the SCW. The main afforestation goal was improving the economy in rural areas where most Spanish population lived. This consisted of providing jobs to plant trees and the construction of hydraulic structures to stop erosion. Afforestation was mainly carried out by planting bareroot seedlings but direct seeding was also important. Therefore, seed demand was very high. Annual afforested area was very high and in several years, rate was over 100,000 ha per year. Plantation density was very high, frequently higher than 3,000 plants ha -1 . Seedling establishment was very poor and plants frequently had to be replanted several times to assure stand establishment. No mechanization was used for site preparation, which consisted in hand-made holes or plows pulled by oxen and mules. Main species planted during this period were pines (in decreasing importance, Pinus pinaster, P. sylvestris, P. halepensis, P. nigra and P. pinea).
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The second period spans from the early 1960s to mid-1980s. Spain´s industry strongly increased and many people moved from the rural areas to the main cities. Consequently, the need to provide employment in rural areas declined quickly after 1960. The aims of the afforestation policy were timber supply and watershed protection, mainly above and around dams. Afforestation rate was lower (Fig. 2 ) but success in seedling establishment was higher than in the previous period. Site preparation started to be mechanized. Ridges and large terraces, which involved strong soil removal, were the most common site preparation methods in the 1970s. Plantation density decreased relative to the previous period. Plantation was the main afforestation method while direct seeding was minimized. Bareroot seedlings were initially used but they were gradually substituted in the 1970s by plants cultivated in plastic bags. Main species planted in this period were pines (Pinus pinaster, P. sylvestris, P. halepensis, P. nigra and P. pinea), eucalypts (Eucalyptus camaldulensis in Mediterranean-climate sites) and poplars (mainly Populus × euramericana hybrids). Afforestation ceased in the mid-1980s but in 1993, it resumed at a high rate until to 2008. In this third period, the main aim of the afforestation program was to set aside low productive croplands to reduce the surplus of agricultural products, biodiversity increase in agricultural landscapes and carbon sequestration. The European Union mostly funded the program (MAPA 2006) . At present, plantations have been strongly reduced both in cropland and in forestland. The main stock type used in the last 20 years has been 1+0 and 2+0 container plant cultivated in 200-300 ml containers and using peat-based or coconut fiber mixes as growing media. Although oaks and pines have been the main planted species, a high diversity of woody plants has been used ( Fig. 3 ) when compared to the previous periods. Demand of native shrubs for mine, quarry and road revegetation is high, which has further stimulated diversification of woody plant production and many nurseries cultivate more than 30 species. Manual soil preparation techniques are avoided not only because yield is lower but also because their effectivity is very low compared to mechanical methods (Bocio et al. 2004) . Most common soil preparation methods are subsoiling, holes (Löf et al. 2012 ) and bench terraces with micro catchments that concentrate runoff into the planting benches (Saquete Ferrándiz et al. 2006) . These methods involve minimal soil disturbance and low levels of vegetation removal. Ideas about seedling quality have changed over the last 20 years. The classical paradigm of plant quality in Mediterranean plantations stated that high quality plants should have a xeromorphic structure to perform under drought stress (Fig. 4) . This means that plants should have small shoots (low transpiring surface) and high root to shoot ratio (R/S) (Royo et al. 1997 ). This conception of plant quality probably stemmed from the fact that Mediterranean climate and soils imposes harsh conditions for plant life. The rationale underlying this idea is that xeromorphic-structure plants consume less water than plants with the opposite traits (Lamhamedi et al. 1997; Leiva and Fernández-Alés 1998) . Therefore, plants were cultivated with low amounts of fertilizer and frequently by restricting irrigation for long periods, which was assumed to enhance plant stress resistance. Minimal fertilization was applied because it was assumed that large plants would increase seedling stress after planting and that fertilization would cause seedling to not be acclimated to nutrient-poor soils. Seedling quality research flourished in Spain from 1993 to 2011 (Tab. 1). Results from these studies caused researchers to revise assumptions about desired seedling attributes.
Very interesting, most studies do not support the classical paradigm on plant quality. Frequently, small plants with high R/S and poor fertilized plants (xeromorphic phenotypes) do not have higher performance than plants of the same age but with the opposite traits (productive phenotypes) even under very stressful conditions ( Fig. 4B ) (for instance Oliet et al. 2005; Cuesta et al. 2010a Cuesta et al. , 2010b ). An analysis of 30 studies on plant quality (Navarro et al. 2006) showed that in 60% of the cases survival was not related to plant size. Plant size positively explained field survival in 30% of the cases while in 10% of the cases small seedlings outperformed large seedlings. Authors concluded that the shoot size standards in several Mediterranean woody trees should be higher than regulated standards in present Spanish legislation. Finally, plant nutrition (mainly nitrogen) proved to be an important issue in explaining out-planting performance in Mediterranean environments (Villar-Salvador et al. 2004a; Oliet et al. 2009 Oliet et al. , 2013b Cuesta et al. 2010; Villar-Salvador et al. 2013 ). An illustrative example of the outplanting performance differences between the stocktype produced under the classical paradigm and stocktype produced under new cultivation conception was reported by Luis et al. (2009) for Pinus canariensis. This pine is endemic to the Canary Islands and the traditional way for cultivating it was using natural volcanic soil without any fertilization. Seedlings cultivated in this way were small, had low root biomass and mortality after planting in dry sites was very high. Luis et al. (2009) compared this stocktype with and alternative stocktype cultivated in a mixture 2:1 mixture of peat and lapilli amended with slow-release fertilizer, which provided a moderate fertilization. The shoot height and plant mass of the alternative stocktype was 2.5 and 5 times larger, respectively than the traditional stocktype at the end of the cultivation. Annual rainfall and mean annual temperature at the plantation site is 300 mm and 15°C, respectively. Two years after planting traditional stocktype had around 35% less survival and half of the shoot elongation than the alternative stocktype (Fig. 5) . Differences in survival between stocktypes were attributed to root growth capacity differences. Figure 5 . Evolution of survival and shoot growth in two types of Pinus canariensis stocktype in a semiarid planting site. The traditional stocktypes was produced with natural volcanic soil with no fertilization and the alternative stocktype was cultivated in a mixture 2:1 mixture of peat and lapilli amended with slow-release fertilizer. Both stocktypes were cultivated in 308 ml containers. Data inserted in lower figure shows seedling size differences between stocktypes at planting (Modified from data in Luis et al. 2009 ). The main limiting period for plantation success in Mediterranean areas is the first summer after planting. Seedling survival to first summer drought is linked to their capacity to avoid water stress that is mainly achieved by having a large, dense and deep root system at the beginning and during the dry season (Grossnickle 2005; Padilla and Pugnaire 2007) . Root and shoot growth capacity prior summer drought depends also on the capacity to allocate large amount of carbon, nitrogen and other mineral nutrients to new organ growth during the wet season (Villar-Salvador et al. 2012 , 2015 . High growth during the wet season is achieved when seedlings can divert large amount of resources to support new root and shoot growth. Functional traits that confer high photosynthesis, nutrient remobilization capacity, and non-structural carbohydrate storage (McPherson and Williams 1998; Dyckmans and Flessa 2001; Millard and Grelet 2010) promote high growth and consequently higher outplanting performance. Some nursery techniques used in producing high quality plants for Mediterranean forest sites are:
Fertilization. Moderate to high fertilization is recommended. Highest transplanting performance is obtained when N fertilization rate ranges between 70 to 120 mg plant -1 of N supplied throughout the cultivation season. Most nurseries only use slow release fertilizer or slow release fertilizer combined with direct injection of liquid fertilizers into the irrigation system. Fall fertilization of Mediterranean forest species is a promising fertilization technique to nutrient load seedlings without changing much plant morphology (Oliet et al. 2013 ). However, it might be useful for species where fertilization does not reactivate shoot elongation in the fall, which can hinder cold acclimation.
Containers. At present, containers volumes used are larger than 200 ml. Most Mediterranean species can produce consolidated plugs in containers >200 ml in one growing season. Container volume positively determines seedling size (Domínguez-Lerena et al. 2008) . Stock cultivated in container volumes of 250-300 ml tend to have high transplanting performance at an acceptable cultivation costs .
Hardening. Plants are grown outdoors under full sunlight for most of the cultivation period. This allows plants to harden in the fall and promote root growth. Some nurseries located in southern Spain shade the plants during the hottest months to reduce water consumption and avoid damage in some shade tolerant species. Reduction of irrigation during the late stages of nursery cultivation (drought hardening) is not a common practice. Nursery location affects seedling hardening and plantations in cold winter locations should be planted with seedlings cultivated in nurseries placed in cold winter sites (Mollá et al. 2006) .
Forest restoration challenge of Spanish society in the 21st centuryThe legacy of the past afforestation programs
At the end of 2010, more than 4.5 million ha had been afforested since 1940. Moreover, strong depopulation in rural areas, reduction of farming activities and replacement of firewood by electricity and gas as energy sources have boosted secondary succession or "passive afforestation". Therefore, large areas of abandoned pastures and cropland have been colonized by shrubs and forest trees. As a result, there are more forests (and shrublands) than 100 years ago (Montero y Serrada 2013) . The landscape has dramatically changed in many places and erosion problems have been strongly reduced (Fig. 1) . However, due to the lack of profitability, many pine plantations have never have been thinned or have been under-thinned, resulting in dense (> 1,000 trees ha -1 ) and structurally simple stands. Environmental conditions inside old under thinned pine plantations are very stressful for plant life, resulting in reduced growth of planted trees, and frequently lack of plant recruitment (Pausas et al. 2004) . Some consider these stands as "biological deserts". Regardless, the overstocked stands are prone to fire, diseases, and drought dieback Sánchez-Salguero et al. 2013) .
In spite of the drawbacks described above, many old pine stands have seedling banks of several trees other than pines that do not thrive into mature trees due to harsh conditions inside the stands. This mainly occurs in stands that are close to patches of forest remnants. After thinning competition is relaxed and facilitation becomes the dominant interaction among pines and other plant species. This boosts the growth of oaks and other mid to late successional woody species such as Juniperus spp., Arbutus unedo, Crataegus monogyna, Rosa spp., Rhamnus spp., Pistacia spp, mostly dispersed by animals, which eventually replace pines (Gómez-Aparicio et al. 2009; Carnicer et al. 2014) . Moreover, most colonizing woody species are resprouters, that increase the resilience of pine plantations (Granados et al. 2016 ). In the absence of pine plantations, oak forests would take many decades if not longer to colonize open areas in many dry areas of southern and central Spain. Consequently, old pine stands can be an opportunity to create mixed forests or to restore other forest systems if they are properly managed. Restoration efforts should concentrate on thinning pine plantations near remnants of woodland. Research is needed to know how large, how many and how far must the patches of forest remnants be to effectively colonize pine plantations. This will help deciding which stands should be primarily thinned. Similarly, we also need to know what are the most effective thinning treatments to facilitate colonization (Granados et al. 2016) .
Many pine stands were planted in sites where all previous forest had been extirpated, and at present, there are no seed sources for forest recovery. In these cases, restoration should prioritize the introduction of target forest plants in pine stands. The most common practice to do this is making low-dense extensive enrichment plantations after stand thinning (Granados et al. 2016 ). Mid to late successional trees and shrubs at low to moderate density are usually used. However, in a socio-economic scenario with little forest restoration funding other "cheaper" restoration strategies should be implemented. One of these strategies is to create small islets of vegetation distributed strategically inside of the pine plantations (Fig. 6) . These islets will act as strong seed sources for the colonization of the rest of the plantation if properly managed. This method involves concentrating resources rather than diluting them in space. The method is based on the Maximum Diversity Restoration method (Goosem and Tucker 2013) , which was developed for the restoration of rainforest in Northern Australia for sites far from remnant rainforest stands. Similar proposals have been made in other tropical and Mediterranean ecosystems (Rey Benayas et al. 2008; Zahawi and Augspurger 2009; Corbin and Holl 2012) .
I propose planting islets of around 0.1 ha in gaps where pines are thinned to <300 trees ha -1 to reduce competition for water and nutrients but retaining some shelter against high radiation and temperature in summer. Islets should contain 5-7 mid to late successional woody endozoochorous species. One or two species should be structural species in forest communities, such as oaks and the remaining species should be shrubs or small trees common in the understory of oak forests (Fig. 6 ). Islets would eventually attract animals that consume the fruits and disperse the seeds. Mammals and birds that typically live in croplands usually visit and forage in pine plantations (Sánchez-Oliver et al. 2014) . Effectiveness of this method relies on early and massive seed supply from the islets. This can be accomplished by implementing summer irrigation at planting that will ensure high survival and growth and reduce time to first fruit production. For instance, Quercus ilex takes around 20-30 years to reach sexual maturity under standard Mediterranean conditions. Summer irrigation for three years after planting reduced first reproduction to nine years (Rey Benayas and Camacho-Cruz 2004) . However, three irrigation events per year of 20-30 L per plant can cost around 3,000 € ha -1 year -1 in Spain (Tab. 2). This cost is very high but can be acceptable if concentrated on small areas and it speeds the onset of seed production. Once islets start producing seeds, the rest of the pine stand should be thinned to improve regeneration environment. I estimate that the final economic cost of creating islets will be about 40% lower than extensive enrichment plantations that are not irrigated (Tab. 2). However, the cost effectiveness of this restoration method needs to be tested in Mediterranean environments. Other important questions also remain unanswered. Specifically, it is important to determine spacing among islets, the effective size of islets, and gap size in pine stands and pine density in the gaps. Similarly, we know the additional cost for purchasing a quality seedling. It will therefore be important to determine if higher levels of seedling quality can actually reduce overall costs and speed restoration . For instance, we propose the use large oak stocktype cultivated in the nursery in large containers (0.5-1 L) at high fertilization rates to speed plant growth after planting.
It can be argued that the best option is do nothing and let the pine stands evolve alone. They will progressively transform into oak woodlands or mixed forests in the next 100-200 years, depending on the pine species. However, in my opinion this is not good option because these stands are very prone to fire and diseases that can propagate to other woodland. Probably most of the stands will be destroyed by fire before their transformation. Post-fire pine regeneration often fails, especially in Mediterranean continental climate sites, and this can affect soil protection, one of the main reasons of implementing the huge afforestation program. Finally, high-density stands in dry areas have high transpiration and reduces the amount of underground water and rivers flow (Dye and Versfeld 2007) . This is an important issue where water will be a scarcer resource in southern Europe due to predicted climate change. Therefore, it is urgent to accomplish this restoration work. Unfortunately, thinning is expensive and there are no returns if selling thinned trees in Spain at present. While timber price remains low, public institutions should provide most of the resources for old pine plantations restoration. Table 2 . Estimates of the costs of an extensive enrichment plantation (in an old pine plantation) and the cost to create a network of islets inside the forest. Prices represent standard Spanish operational planting and post-planting care costs of sites with an average difficulty. *The planting costs for the islet model are higher because it is assumed that robust, large plants cultivated in large containers will have higher survival. Cost of 2+0 oak seedlings cultivated in 1.4 L containers is around 2 €, while the cost of 1+0 seedlings is around 0.30-0.40 €.
Extensive enrichment plantation
Establishment of a network of islets (1 islet ha -1 ; size of each islet is 0.09 ha) Pine plantation area (ha) 100 100 Plant density (plants ha -1 ) 900 900 Planting cost ha -1 (€) 2,500 3,500* Irrigation cost for three years ha -1 (€) 0 9,000 Thinning cost ha -1 (€) 2,500 2,500 Total planted area (ha) 100 9 Total planting cost (€) 250,000 112,500 Total costs of pine plantation transformation (€) 550,000 367,000
Conclusions
Timber production in most Mediterranean forests is not profitable in the current global economy. In this context, the main objectives of Mediterranean forest management is providing goods such as hunting, mushrooms, tourism or high valuable specific products such as cork and pinyons. Forest management must also ensure valuable ecosystem services such as biodiversity, soil protection, and clean water. Restoration priority should not be afforestation but the transformation of most old pine plantations into more resistant and resilient systems. This involves increasing the structural and functional diversity of plantations, a huge task that must be accomplished with a low level of investment and the disinterest of most private forest owners. This requires prioritizing restoration areas and testing new restoration methods. A restoration option is promoting natural recolonization of old pine stands by (1) thinning the old pine stands and (2) concentrating resources to establish small high-diverse vegetation islets as seed foci for the colonization of the rest of the plantation.
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